ABSTRACT: The snail fauna of human-transformed forests (originally ranging from oak-hornbeam to alder swamps) at Lake Hañcza and two nearby lakes in NE. Poland includes 29 species, with 14-18 species per site. There are also four slug species. The ten sampling sites vary rather much in their species composition, the mean Nei index being 0.71 and I MAX 1.57; the heterogeneity does not seem to result from sampling error. In most sites 1-3 species contribute over 50% of total abundance. Most species recorded are common, euryoecious and widely distributed; restricted forest snails, timber-dwellers and vegetation climbers are nearly absent.
INTRODUCTION
Compared to southern Poland, the northern part of the country is believed to have a poor terrestrial malacofauna. It was probably this belief that resulted in the north being much less studied, though the reverse may also be true. It follows from RIEDEL's 1988 catalogue that 90 out of the total of 175 terrestrial gastropods of Poland were recorded from the northern third of the country on various occasions. However, the localities are few, most locality data are imprecise, and some records are doubtful (cf. RIEDEL 1988 , WIKTOR 2004 . The situation has not changed much since the publication of the 1988 catalogue. The north-eastern corner of the country seems to be the most neglected. Only three of the 33 faunistic and/or ecological papers (DYDUCH 1980 , DZIÊCZKOWSKI 1988 , CAMERON & POKRYSZKO 2004 ; for further references see RIEDEL 1988 , CAMERON & POKRYSZKO 2004 on various forests in northern Poland deal with the north-eastern part of the country, and all three focus on Bia³owie¿a Forest. This is the first attempt at providing some data on terrestrial gastropod communities of the Suwa³ki Lakeland.
In summer 2003, when sampling terrestrial gastropods within the project "Geographical variation in the composition and richness of forest snail faunas in northern Europe", we visited Lake Hañcza and examined snail fauna in ten sites. The faunal list has been used for broader comparisons (POKRYSZKO & CAME-RON 2005) , here we present detailed results.
rounded by a narrow belt of forest and adjoined by moraine hills.
Originally, the forests of the region were oak-hornbeam, riverine forests with ash and linden, alder forests, and pine-oak or pine stands in drier places. During the last 500 years most of them, especially deciduous stands, growing on fertile soil, were clear-felled and converted into arable land. The narrow belts of forests surrounding Hañcza and smaller lakes in its vicinity range from transformed oak-hornbeam stands (often with some linden and ash) to alder swamps (Figs 2, 3). They have never been completely clear-felled (as suggested by the occurrence of plants such as Paris quadrifolia), but in most places are rather heavily affected by removal of dead timber, some logging and cattle or horse grazing. Cows, horses and their dung were encountered while sampling. Forest only 30 m or more away from the lake shore is usually heavily managed, and is predominantly pine or spruce. Fig. 1 shows the sampling sites. All sites, except 5 (Lake Jaczno) and 9 (Lake Jeg³ówek) were located on the shores of Lake Hañcza: (2) at lake Hañcza 
METHODS
Sampling was carried out in July 2003. Each site was an area of c. 400 m 2 , chosen to represent a typical part of the surrounding vegetation. Within each site snails and slugs were collected by eye. Two people searched in this way, in all appropriate microhabitats, for at least one hour at each site. In addition, c. 20 l of litter was collected from patches within each site. The litter was sieved (10 × 10 mm mesh); the coarsest fraction was searched by eye in the field and discarded. The remainder was bagged and taken to the laboratory, where it was air-dried, sieved and sorted down to 0.5 mm mesh. Large helicoids were sometimes counted but not collected; slugs were identified in the field or specimens preserved for identification in the laboratory. No attempt was made to count the number of slugs, as daytime sampling is notoriously unreliable (WÄREBORN 1969) . Tests for completeness of sampling followed .
To estimate similarity among the snail faunas in sites we used the Nei index I N = number of species in common/geometric mean of the number of species present in each site. Additionally, we applied the Marczewski-Steinhaus distance (ALEXANDROWICZ 1987) . Slugs are omitted, as sampling is not so reliable, but adding them makes little difference to the results. Overall heterogeneity was estimated using Whittaker's index, I W , the total number of species in the array divided by the mean number per site, and its variant, I MAX , total number of species divided by that in the richest site (CAMERON & POKRYSZKO 2004) . Slugs are included.
All shells extracted were identified and counted, excluding only very old or unidentifiable remains. Nomenclature throughout follows KERNEY et al. (1983) . The samples are kept in the collection of RADC and of the Natural History Museum, Wroc³aw University.
RESULTS AND DISCUSSION
A total of 33 species were recorded, 29 snails and four slugs (Table 1) ; three: Succinea oblonga, S. sarsii and Cochlicopa nitens, were limited to alder swamps. The snail species list seems to be complete, as indicated by the Chao estimator for the whole set of sites equal to about one species missed, by the shape of the rank abundance curve (Fig. 4) , which steepens rapidly as the rarest species are included, and by the fact that the numbers of specimens per site are usually ten times or more higher than the number of species . The species composition varies rather much between the sites -the Nei index ranges from 0.50 to 0.91 (mean 0.73) (Table 2, Fig. 5 ). The two swamp sites (5 and 6) are rather dissimilar (0.67), the similarity between site 6 and all other sites being 0.50-0.69, while site 5 is closer to sites 7, 9 and 10 (0.77, 0.79 and 0.75, respectively) than it is to 6. Two clusters of similar sites (1 and 10 at 0.91, 2, 3, 4 and 8 at 0.83) are geographically very close. Even excluding the two swamp sites, the lowest Nei value is still only 0.69. The Marczewski-Steinhaus distances (Table 2) give a very similar picture; they range from 0.17 to 0.67, and excluding the swamp sites the highest value is 0.55. The two variants of Whittaker's index, I W and I MAX , are 1.75 and 1.57 for all sites, and 1.55 and 1.43 when swamps are exLand snail communities at Lake Hañcza (NE. Poland) cluded. Considering that all the sites are very close together -the lake is only 4,535 m long, with the maximum width of 1,175 m and the total shoreline of 12.7 km, and all but two sites (4 and 5 km away from Lake Hañcza) were in its nearest vicinity -they are fairly heterogenous. Where similar clusters of sites are considered across N. Europe, a value of I MAX of 1.43 is at the high end of the range . While this may be influenced by sampling error, the Chao estimator (of species missed) for individual sites ranges from 0 (0 or 0.5 for most sites) to 2.25, with the mean 0.3, and the patchy distribution appears to be genuine. The dominance structure in most sites includes 1-3 species which together constitute more than 50% individuals, all other species being represented by rather few specimens. The dominant species vary between sites: for example, Punctum pygmaeum and Cochlicopa lubrica are the most numerous in three sites each, Vertigo pusilla in two, Vallonia costata and Carychium minimum in one each. These differences may reflect the patchy distribution, or be only temporary, since all these species have short life cycles and highly weather-dependent reproduction (for life history details see WHITNEY 1938 , MORTON 1954 , WÄREBORN 1979 , 1982 , ISKRZYÑSKA 1986 , BAUR 1989 , BULMAN 1990 , POKRYSZKO 1990a .
Twelve snail species occur with a high frequency (70-100%); all of them except Cepaea hortensis and Succinea putris are small-sized and strict litter-dwellers, and none is a genuinely restricted forest snail. Out of nine medium-frequency species (40-60%), all except Perforatella bidentata and Euomphalia strigella are small-sized; among them only Acanthinula aculeata can be regarded as a genuine forest-dweller. The lowest frequency class (10-30%) includes eight species: the three limited to the alder swamps, the plant-climbing Columella edentula (POKRYSZKO 1990b) , the forest-dwelling Aegopinella pura, Ae. minor which is very rare in the north of Poland (RIEDEL 1988) , the big and vegetation-climbing Arianta arbustorum and Discus rotundatus which is closely associated with rotting timber (KUZNIK-KOWALSKA 1999). The complete absence of clausiliids, more than ten species of which could be expected to occur in this part of the country (for ranges see RIEDEL 1988 , WIKTOR 2004 ; for clausiliid lists from nearby sites see MARZEC in prep.) is probably also associated with the scarcity of dead timber.
The presence of marsh-loving species (Succinea putris, Vertigo antivertigo, Zonitoides nitidus) even in non-swampy sites reflects the effect of the adjacent lake shore. All the species recorded are widely distributed in Poland, nearly all are euryoecious, and most are common (for distribution and ecology see RIEDEL 1988 , WIKTOR 2004 . Among the slugs, Arion subfuscus was universal, and none were restricted to one or two sites. Only Malacolimax tenellus can be regarded as a true forest species (WIKTOR 2004) .
The nearest locality where samples were taken with the same methods and where the same range of species could be expected, based on the distribution ranges and ecological requirements, is Bia³owie¿a Forest (CAMERON & POKRYSZKO 2004 ). The total number of snail species found in forest habitats in Bia³owie¿a was 46 (plus 6 slugs) and thus c. 35% higher, with 11 species of clausiliids, eight helicoids and two species of timber-dwelling Discus, both of them frequent and abundant; the number of species per site ranged from 17 to 35 (mean 27). Even the poorest category of forest sampled at Bia³owie¿a, Melitto-Carpinetum, more acid than Hañcza forests, is richer overall and in the mean number of species per site. The number of high-frequency (70-100%) snail species in Bia³owie¿a was 22, compared to 12 in Hañcza, eight being the same in both localities. In Bia³owie¿a the group included, among others, three clausiliids and two species of Discus. The overall similarity (Nei) between Lake Hañcza and Bia³owie¿a is only 0.68, but discounting the clausiliids, the fauna in the two localities, about 160 km apart, is very similar: Lake Hañcza and Bia³owie¿a have 25 species in common, and their Nei index is 0.92! The low species number per site, the predominance of common, euryoecious, widely distributed species, the near-absence of vegetation climbers and the scarcity of timber-dwellers suggest a depauperate community of a narrow and heavily affected belt of once-natural forest. Data from the Pomeranian Lakeland, and from Wielkopolska, show a similar phenomenon: apparently attractive lakeside and swamp forests tend to be depauperate, especially in clausiliids; only a few sites have escaped significant and damaging disturbance (CAMERON & POKRYSZKO, 2004 , 2006 . MARZEC (in prep.) will show that such refuges also occur in the northeast.
